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Abstract 
With increasing innovational dynamics and shorter product and technology lifecycles, companies are facing a huge number of 
production ramp-ups in shorter times at a higher complexity. To cope with these challenges, methods and tools are required to 
reduce instabilities during production ramp-ups and to enable a smooth and stable ramp-up curve. One solution approach is the 
application of factory standards. As standardized product architectures are already state of the art for many companies, 
standardized factory structures are the next step towards an overall standardized production architecture. The approach of factory 
standards and its benefits especially during ramp-up will be introduced in this paper. 
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1. Introduction 
The ability to efficiently ramp-up the production when a 
new product is launched has become a critical issue for 
manufacturing companies [1]. Higher innovational dynamics, 
shorter product lifecycles and a diversification of the product 
portfolios are typical challenges a modern manufacturer has to 
deal with [2]. To meet customer demands and global 
competition with regard to these challenges the frequency of 
new product introductions increases [3] so that manufacturers 
have to launch new products in shorter available time [4]. 
This development does not only affect OEMs but also their 
smaller suppliers [5]. 
Bringing a new innovative product to market earlier than 
competitors is important to realize high prices and higher 
margins in the beginning of the product lifecycle [4]. A 
delayed ramp-up also means that the experience curve effects 
in the own company are lower than those of competitors, 
which leads to higher relative costs and disadvantages in the 
competition [6]. With the modern short product lifecycles lost 
sales during the ramp-up cannot be compensated [7].  
In the ramp-up phase a new product has to be integrated 
into a new infrastructure by a new team with new 
organizational structures and new manufacturing technologies 
[8]. This means that ramp-ups are some of the most complex 
company processes at all, which cause several disturbances 
and delays [9]. That is why many ramp-ups nowadays do not 
reach their targets sufficiently [10]. 
In the ramp-up phase the different factory elements that 
were defined in the planning phase have to work together 
efficiently in practice for the first time. Until this validation 
the planners and ramp-up managers must deal with the 
uncertainty whether the overall system is working correctly or 
not, which often calls for many adjustments and extra 
measures during ramp-up. To cope with the high complexity 
and the resulting instability of the production system during 
this phase, modular factory systems are a solution approach 
which focuses on the application of standardized, validated 
factory modules. If a company uses this modular approach, it 
can just generate a new production site out of already tested 
factory modules. These modules have already been tested 
before and also the interfaces to other components within the 
factory have been defined and validated in more detail in 
other projects. At the same time the application of 
standardized solutions within a project decreases the planning 
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efforts and times, which again helps to manage the ramp-up 
phase faster and more smoothly. 
In this paper the main advantages of modular factory 
systems with special emphasis on production ramp-ups will 
be discussed. In the first step the ramp-up phase and its 
definition will be described in detail. After that the idea of 
modular factory systems will be described and their basic 
structures will be analyzed. Finally the main benefits of 
modular factory systems in the ramp-up phase but also during 
other phases of the factory lifecycle will be analyzed and 
future needs for research are pointed out. 
2. Production ramp-up 
The precise definition of the ramp-up phase often differs 
slightly in the literature. That is why in the first place, this 
chapter looks at the demarcation of the ramp-up phase within 
the product development process. After that the high 
complexity in production ramp-ups which leads to an instable 
production system during that phase will be discussed. 
2.1. Definition 
As mentioned, there is no consistent ramp-up definition in 
the literature, but it is generally demarcated as the phase 
between series development and series production. The end of 
the ramp-up project is described as the achievement of a 
stable production state, which is specified differently from 
company to company. The beginning of the ramp-up is not 
clearly defined and there are also different approaches in the 
literature, but most authors place the beginning of a new 
ramp-up project in the approval of the pre-series production. 
In the following, the ramp-up definition according to KUHN 
will be used [11]: 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 1. Generic phases of the product development process and demarcation 
of the production ramp-up [10]. 
 “The ramp-up management of a series product includes all 
activities and measures as planning, steering and the 
execution of the ramp-up project with all associated 
production systems, starting with the approval of the 
preliminary series until the achievement of a planned 
production volume. Earlier and later processes which secure 
the measurable capability of product and processes may be 
included in the ramp-up management.” 
Especially the last sentence of the definition shows that a 
clearly marked start for the ramp-up management is hard to 
find because it might be useful to integrate the ramp-up team 
already in earlier development phases to avoid a pure 
troubleshooting in later stage and to secure a proactive design 
of the assembly system during the ramp-up. 
2.2. Complexity and instability in production ramp-ups 
Many authors characterize the ramp-up of assembly 
systems as a complex process, some of them as the most 
complex process that a company has at all. GARTZEN analyzes 
the complexity in production ramp-ups in detail with 
diversity, relations and dynamics of the production system 
being the basic dimensions of the analysis [12]. In ramp-up 
projects there are a high number of interdependent elements 
that increase the complexity in the dimension of diversity, e.g. 
technologies, products, processes, production system, 
associates, logistic systems. Also the single functions as 
development, production, logistics and purchasing have to be 
considered [13]. In comparison to the later series production 
the number of elements is increased, e.g. by additional 
product types for prototypes, pre-series and pilot runs. This 
can cause a high diversity of parts with different development 
and change statuses. Because of a lower quality capability of 
the processes during the ramp-up there may be the need of 
additional rework processes. Due to the trend towards a 
parallelization of ramp-up activities to shorten the time-to-
market for new products, there are a higher number of 
different processes in the ramp-up than later during series 
production [14].  
All system elements that were planned separately before 
are tested altogether in reality the first time in the beginning 
of the actual ramp-up with all different employees of 
development, maintenance, equipment and parts suppliers in 
collaboration. In assembly, the process structures are normally 
even networked more strongly and more interdependent than 
in manufacturing, where the sequences are usually linear [15]. 
Also the interfaces to equipment and parts suppliers are very 
complex during the launch because the procurement and 
product changes have to be coordinated, which can lead to 
special measures such as extra deliveries from suppliers, 
helicopter deliveries etc. The connections within the 
production system may vary more intensively because the 
sequence of the process is not followed as strictly as later on 
during series production, e.g. rework parts might have to pass 
some stations again or have to be reintroduced into the line. 
Another characteristic attribute of production systems 
during ramp-up are the high dynamics or the variability of 
system states, which can lead to disturbances on the one hand, 
but can also be necessary on the other hand to enable the 
transfer of the assembly system from the ramp-up to the later 
series phase. Several parameters of the system change during 
the project with the production volume being the most 
obvious one. Product changes are an integral part of product 
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development processes and can cause changes on a large scale 
because also other parts or components of the product might 
have to be changed. The maturity level of the whole system is 
often not satisfying during the ramp-up, so that also 
equipment and supplier parts still see a lot of changes. 
Especially equipment breakdowns are frequent in early phases 
of the ramp-up and hereby increase the dynamics of the 
project [16]. Another factor is that the qualification level of 
the associates sees permanent changes, which have to be 
managed properly. 
Considering the aforementioned factors, a production 
system during the ramp-up can be characterized as instable. 
Stability of the production system during the ramp-up on the 
other hand is defined as the predictability of its production 
results with regard to output, quality, time and costs. 
Instability accordingly means that the system behavior cannot 
be predicted based on the past and the system parameters see 
very volatile changes [17]. 
Against this background, measures are needed to reduce 
the instability during the ramp-up phase in order to decrease 
the time-to-market and ramp-up costs. In this context, the use 
of modular factory systems or factory standards presents a 
promising approach to reduce ramp-up complexity and 
support the achievement of the above mentioned targets. 
3. Modular Factory Systems 
Approaches based on modular factory structures have been 
elaborated by several authors before, which will be presented 
in the following. After that a definition of factory modules 
will be given and their part within the overall modular factory 
structure will be discussed. 
3.1. State of the art 
The state of the art regarding modular factory systems has 
already been discussed in another paper by the authors of this 
paper. That is why this following section is written closely 
following KAMPKER [18]. 
The idea to “cut” a factory into different parts, which can 
then be planned and operated almost independently has been 
discussed and elaborated by WILDEMANN as one of the first 
authors with his concept of production segmentation.. The 
modularity in this approach comes from product-oriented 
organizational units, which contain several steps within the 
value chain and that are usually organized as separate cost 
centers [19]. 
The “PLUG+PRODUCE” approach according to 
HILDEBRAND ET AL is based on the transfer of methods from 
product development to factory planning. Modularization and 
standardization are basic elements of this approach. Target is 
the elaboration of a modular plant structure that is based on 
different categories of modules with specific tasks within the 
overall factory [20]. 
EVERSHEIM and NEUHAUSEN elaborated the concept 
“Modular Plant Architecture”. Main focus of this method is 
the design of a robust, standardized but also specialized and 
adaptive production structure. The approach basically works 
in three steps: analysis, design and evaluation. In the first step 
different change drivers for the plant and their effects on the 
single factory elements are analyzed. After that the modular 
concept is set up, which is implemented in a company and 
situation specific reference architecture. The evaluation phase 
finally contains the forecast and influence analysis of change 
scenarios [21].  
SCHUH develops a modularization concept for the 
production equipment. Based on approaches from product 
development, a concept is presented that enables a modular 
design of production equipment for the simple and fast 
exchange of different components. In this approach change 
drivers for the equipment are analyzed before the modular 
structure is designed. In the last step the modular concept is 
evaluated and life cycle costs are calculated [22]. 
KLEPSCH analyzes the industrial building structure in 
detail. Key result is the development of a modular structure 
that separates the building into different sub-systems like roof, 
wall or infrastructure elements, which can be combined 
independently. This whole concept is based on a universal 
building grid [23]. 
Besides the factory hardware, the concept “Modular 
Manufacturing” by TSUKUNE ET AL also considers the 
software components within the factory. This approach 
focuses on the fast restructuring of production lines for the 
flexible manufacturing of many different variants in low 
volumes. Key enabler is the fast readjustment of the software 
that controls the robots within the production line [24]. 
The presented approaches give an impression regarding the 
diversity of modularization approaches that have already been 
developed. Most of these approaches focus on one specific 
field of interest within the company (e.g. equipment, building 
or software). Only few of them apply methods and tools from 
the product development, in which modularization approaches 
are already in use since the 1990s [25] and thus offer 
promising and approved solutions [18]. 
3.2. Definition of factory modules 
With regard to the different approaches, WIENDAHL 
developed a clear definition of a factory module [26]. The 
term “module” was transferred to the factory and its different 
characteristics were presented. Figure 2 shows the 
classification scheme of a factory module. 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 2 Factory module by WIENDAHL [15] 
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KOHLHASE describes the different components as elements 
of a modular system which significantly influence the 
configuration of possible modular products. Furthermore, 
components are defined as follows: 
“[Components] possess standardized shape and material 
characteristics, are compatible, specific or abstract, and can 
consist of (less complex) components. When configuring, 
components are arranged according to a predefined purpose 
without changing their shape.” [27]. 
KOLLER characterizes components as “[…] parts, 
assemblies or more complex structures […]”, whereby 
(abstract) components can also be “[…] formed by 
subdivisions of parts or assemblies” [28]. FIRCHAU describes 
components as “[…] parts, assemblies/modules or modular 
systems based on a lower hierarchy […]” [29]. 
Following the research results of ARNOSCHT, modular 
systems can be seen as a linkage of different product 
architectures, whereby a component represents an element of 
the product architecture [30]. These elements are 
characterized by the four attributes physique, function, 
interfaces and technological/organizational concept (see 
Figure 3).  
Following these definitions, the difference between a 
factory component and module can be found in the 
characteristics of the interfaces.  While modules show a high 
degree of independence with a low amount of interfaces to 
other modules, this is not mandatory for factory components. 
But in most approaches modularity is an important 
characteristic of the factory structure so that the terms 
“component” and “module” will be used synonymously in the 
following. 
VIETOR and STECHERT classify components as function or 
production components [31]. Function components are 
defined with regard to the fulfillment of a technical function. 
Thereby, it is irrelevant whether the function can be met by a 
single component only or in connection with others. In 
contrast, the definition of production components is solely 
based on manufacturing aspects. A recommendation for 
action regarding the choice of the structure alternative is 
provided by JUNGE [32]. While the structuring into production 
components is advised whenever there is a large variety of 
functions, a small number of functions often calls for a 
function-oriented structure. 
 
 
Fig. 3 Attributes of a factory component by ARNOSCHT [19]  
3.3. Structure of modular factory systems 
In the following, possibilities for the categorization of 
modules are presented. Thereby, besides a common 
differentiation between soluble and insoluble connected 
modules, a classification can be carried out in further areas. 
KOHLHASE describes three possible approaches to 
categorize modules [27]. With regard to the common 
scientific literature, a classification by use, by level of 
concrete detail and by configuration can be pursued. The 
classification by use features the differentiation between 
essential and nonessential modules. An essential module is 
used in every modular product, whereas the use of 
nonessential modules is optional. Furthermore, essential 
modules distinguish themselves between basic modules with 
and without variants. A classification of modules and modular 
systems in abstract or specific elements is carried out through 
the level of concrete detail. Modules without any substantial 
reference are therefore marked as abstract. In addition, a 
classification by configuration features fundamental and 
configured modules. Fundamental modules are characterized 
by enabling the subdivision into single parts whereas a 
subdivision into further modules is not possible. In contrast, 
configured modules can be classified into subordinated 
modules or single parts. 
A function-oriented structure classifies modules into basic 
functions, support functions and special functions as well as 
adaptive functions and order-specific functions, as can be seen 
in figure 4. In order to fulfill their functions, the different 
modules are combined. Thereby, basic functions represent 
fundamental, recurring and invariable functions which are 
implemented as essential modules in the product structure of a 
modular system. Support modules with support functions 
operate as connecting elements and cannot be used without 
other functional modules. Given these characteristics, support 
modules are to be categorized as essential modules. Special 
modules are supplementary and enhancing functions 
generated to establish variants and order-specific functions. 
Taking this into account, they can be classified as 
nonessential modules, which are used depending on the 
specific application. The adaptive modules contain adaptive 
functions which are normally generated for the individual 
case and then adapted to existing systems and constraints. 
Thereby, the categorization into essential or nonessential 
modules depends on the specific case. Order-specific 
functions which come unplanned and must be realized 
unpredictably, are to be developed as non-modules for the 
specific application. Through the use of such non-modules, 
the original modular system changes into a mixed system. 
Using this classification of modules, the whole factory can 
be organized in such a structure. Basic modules would for 
example be layouts of production areas or the machinery and 
equipment within the factory, whereas support modules would 
for example be the technical building services or the even the 
building itself and so on. For every module there might be 
several variants for the particular implementation.  Using this 
“catalog” of factory components, the factory planners can 
directly configure their new production facility in a project so 
that especially planning times decrease. The further 
advantages of this approach will be presented in the next 
chapter. 
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Fig. 4 Types of functions and components in modular and mixed systems by 
VIETOR and STECHERT [31] 
4. Benefits of modular factory systems over the factory 
lifecycle with special regard to ramp-up 
During the course of this paper modular factory systems 
were presented as a means to reduce the complexity during 
the ramp-up phase and support the achievement of shorter 
time-to-market and reduced ramp-up costs. The benefits of 
modular factory systems throughout the factory lifecycle, with 
special regard towards the ramp-up phase, will be discussed in 
detail in the following: 
During the early planning and design phase of a factory, 
modular factory systems facilitate an autonomous and 
successive planning and detailing of the single modules. 
Adding to this, existing solutions or documents, such as CAD-
drawings, layout or documentations, can be reused increasing 
the efficiency of the planning process by reducing the 
necessary planning effort and required planning time [33]. 
Especially in times of shorter product lifecycles and an 
increased frequency of new product ramp-ups the approach 
shows its full potential.  
Using predefined modular factory systems, the complexity 
of the system can be reduced as the solution space is narrowed 
and compatible interfaces between certain modules can be 
used [34]. Although the modules are standardized, many 
different configurations for the factory can be established by 
the combination of the modules. Thus, the argument that 
standardization hampers innovation and performance can be 
invalidated. 
During the implementation and ramp-up phase of the 
factory, the decoupling effect between individual modules 
enables a gradual realization of the different modules. As a 
result, the often limited time and human resources can be 
optimally used while the installation of individual modules is 
carried out depending on the present order and load situation. 
Furthermore, the gradual realization of particular modules 
allows the distribution of investment cost over a larger period 
of time, which especially benefits small and medium-sized 
companies. Ultimately, the factory modules can be tested 
separately which supports an earlier detection and correction 
of faults and problems, thus leading to a safe and accelerated 
ramp-up phase [33]. With the reduced planning and 
implementation time of the production systems, the time-to-
market of new products as well as their ability to compete on 
the market can be optimized.  
Even in the operating phase, the decoupling of individual 
factory modules proves useful since it generates a higher level 
of stability as well as a decreased risk against failure in the 
entire factory system. Especially externally driven problems 
and turbulences cannot spread easily within the system and 
are therefore mostly limited to individual modules. Moreover, 
the controllability of the respective factory systems can be 
increased by applying the modularization methods and 
technical component systems [35].  
In the end, the use of modularization in factory planning 
projects directly increases the adaptability in the different 
transformation phases of factory systems and their elements. 
Hence, it enables the reconfiguration of production systems 
with low expenditure by the possibilities of reusability, 
exchangeability, (re)combinability, reproducibility as well as 
extendibility of certain modules and/or components or whole 
modular concepts, all directly having a positive impact on 
production ramp-up. Furthermore, the adaptability can be 
developed individually and independently for each factory 
module according to the specific requirements [36]. Thereby, 
the required effort in order to activate the several flexibility 
and adaptability corridors can be reduced by the potential of 
standardization with the latter being in accordance with the 
enablers of compatibility, modularity and scalability. Through 
the standardization of interfaces, the compatibility of 
production resources not only is supported but rather enabled 
in the first place. The modularity, however, complements 
standardization insofar as its use only reaches full potential 
through standardized interfaces and modular structures. In 
addition, the scalability of factory systems allows a time and 
cost reducing design by use of standardized production 
resources [37].  
In summary, the implementation of the modularization for 
factory systems leads to economies of scale and learning 
effects as well as time, cost and quality benefits in all phases 
of the factory lifecycle. The approach therefore represents 
valuable and useful instruments in order to meet the current 
challenges in the field of factory planning and ramp-up 
management. 
5. Conclusion and outlook 
To reduce planning costs and increase the speed of factory 
planning projects, the approach of modular factory systems 
has been developed. Modular structures especially have high 
potentials to reduce efforts and instabilities in the production 
system during the ramp-up. But also over the further factory 
lifecycle, factory modules show huge benefits regarding 
exchangeability, testing and adaptability. 
Currently, specific modular factory structures are 
developed at WZL of RWTH Aachen University looking at 
specific industry sectors in Germany like the toolmaking 
industry. Especially smaller and medium-sized companies can 
benefit from this in the future as for these companies the 
resources for the development of an own modular factory 
structure are missing and the scale effects in the application 
are low as factory planning projects within the single 
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companies are rare. Further research must especially cover the 
question, how the development of modular factory structures 
can be organized in a cooperation between different smaller 
companies and how the benefits can be equally shared 
between the different partners. 
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